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PRODUCTION OF EXPANDED FOOD CRACKERS . Q2 2Q04 




The present invention relates. to the production of puffed food of the type expanded crackers 

pressure-baking a cereal raw material, 
mixtures of cereals and other food raw materials which all contain a suitable amount of 
expandable starch. The raw material may include whole grains, crushed grains or broke 
pretreated material (e$ f steamed or pre-gelatinized), inclusive milled grains and admixtures 
thereof in the form of pellets comprising a selected starch or gelatinous constituent selected 
from corn, wheat, rice, barley, soya, potato etc. 

* » 

Pressure-baking and expanding a starch-containing raw food material into puffed crackers 
cakes, mini-cakes and similar snacks, which is usually carried out between the heated dies 
of a closeable mold, has now become a standard technology in the field of manufacturing 
health-promoting nutrition products of low fat content with appropiate amounts of protein 
and carbohydrates. 

Production processes and apparatuses therefor are disclosed in numerous patent publica- 
tions such as e.g. US-A-4328741 , US-A-4667588, US-A-4734289, US-A-48881 80 
US-A-51 02677, US-A-5376395, US-A-5467693, US-A-5562021, US-A-5755152 ' 
EP-A-0367031 , WO-A-88/00797, EP-A-0499301 , EP-A-1 025764 etc. 

Each one of said documents teaches specific apparatus designs and/or process variations 
for improving particular aspects of puffed cracker manufacture. 

In addition there have been made various proposals to render the taste, texture and shape 
of the puffed crackers more amenable to consumer preferences. 

The instant inventor, having examined the different prior art cracker production methods 
came to the conclusion that the existing processes and devices of commercial importance 
still have room for improvement, in particular w.r.t. the steering and control of the baking- 
expansion cycle inclusive the adjustment or fine-tuning thereof, the aim of said control 
improvement being the provision of more reliable production method, particularly involving 
a cosely controlled baking-expansion cycle, which should enable to produce in a consistent 
way any required brand of puffed crackers in terms of cereal or starch base compositions 
such that desired properties like crispness, density, shape stability, texture etc. can be 
incorporated therein. 

To achieve this goal there is apparently a need for further apparatus improvements and 
adequate process adaptations. 

The present invention fulfills this object by proposing a novel apparatus drive concept 
intended to provide a better controlled and closer responding expansion albeit to an 
adjustable extent. This should allow the production of a broader scala of •'customized" 
puffed snack products, while retaining for each product the required consistency in base 
quality resp. of desired special properties. Moreover, the machine operation should remain 
simple and give rise to reliable and economic conditions of mass production. 

Accordingly the invention proposes a puffing apparatus comprising a heatable mold formed 
»y the combination of an upper die element, a ring die or peripheral die element and a lower 
die element, which die elements are operatively connected so as to cooperatively 



define therein a pressure-baking moid resp. an expansion chamber, the improvement 
wherein the heatable upper die is a stationary element forming a pressure support resp. 
receiving/guiding means for the ring die and defining therewith a mould cavity being open 
ended in the downward direction, said ringdie being an annular element. capable of being 
vertically moved In upward and downward directions, and wherein the lower die element is a 
heatable punch supported and driven by a hydraulic jack mounted vertically in line with said 
moveable punch. 

This unique operative combination of die elements is not taught or suggested in the prior art. 
The major advantage of the innovative design is the ability of simultaneously and/or 
separately controlling the two expansion-defining parameters -displacement length and die 
withdrawal speed" in a direct and accurate manner. At the same time there still are the 
intrinsic mechanical and operational benefits associated with the use of the combined die 
means of a fixed upper die and a moveable ring element for constituting the upper wall and 
peripheral walls of the mold cavity defining the baking-expansion chamber , see in this 
connection i.a. patent specifications US-A-51 02677 and US-A-5467693 assigned to the 
same inventor as of the present application, the technical content of which is incorporated 
herein by reference in its entirety, at least to the extent that the three-part mold designs and 
their related assembly into a compact puffing apparatus are concerned. 

A novel process and product feature of the present invention concerns the ability to provide 
puffed snacks with an adaptable expansion and texture property, thereby taking into account 
the intrinic expansability of the used food raw material, which depends i.a. on cereal type, 
starch content, grain size, moisture content and further on different pretreatments and pre- 
mix formulations to which the food raw material to be puffed may have been subjected: 
e.g. grain pretreatment resp. premix conditioning in pellet form etc. (steamed, parboiled, pre- 
gelatinizing to variable degree, predeformation, pellet composition and starch/gelatin 

content ...). - 
Although the macroform and dimensions of a puffed cracker are greatly determined by the 
die shape, and also by the preset adjustable expansion volume of the die chamber and the 
amount of raw material filled into the die cavity , it is a particular merit of the present 
invention to enable controll and adaptation of texture, density and form of the outer surfaces 
of the finished cracker (incl. flatness, relative waviness, porosity, rugosity and dimples) by 
regulating the expansion volume and expansion speed to a desirable extent. 
For instance a free or unconstrained downward expansion , which gives rise to an irregular 
cracker surface aspect, may in one case be intensified or in another case be dampened, or it 
can be partially reversed to constrained expansion by adapting the machine settings for 
expansion volume (lower die retraction positions, incl. heigth of ring die) and downward drive 

/ i *: . ^U/sih. wo ipl £wrv3noirm <ane»eHft fnr a HlVfin ntl&ntltV Of fOOG TBW 

material filled in to the mold. 

. * 

The above and other objects, peculiar features and advantages of the invention will become 
more apparent from the description of two examplary embodiments of the invention. 
The description makes reference to the following drawings: 
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Figure 1 Hustrates the basic process steps of producing a puffed cracker according to the 
invention. 

Figure 2 shows a front view of an apparatus embodiment of the present invention. 
Figure 3 shows a side view of the apparatus with feeding device, product discharge chute 
and hydraulic power system. 

Figure 4 shows a hydraulic cylinder jack suitable for driving the lower die or punch. 
Figure 5 illustrates a first operative drive embodiment of the invention. 
Figure 6 illustrates a second operative embodiment of the invention. 

* ■ 

* 

m 

* * 

Referring to figures 2 and 3, there is shown a preferred constructive lay-out of the apparatus 
according to the invention. The exemplary apparatus shows a multi-die arrangement for the 
production of a plurality of crackers with one mold unit for each process cycle. A heated 
stationary upper die plate 1 having a plurality of fixed downwardly directed die elements 2 is 
mounted to an upper part of the apparatus frame 20. Vertically spaced below fixed plate 1 
there is provided a heated die plate 3 with multiple upwardly directed punch elements 4, 
which punch plate is supported on a movable carrier 5 element. Fixed die elements 2 and 
movable punch elements 4 are disposed accurately in line. A movable ring mold element 6 
is arranged between die plates 1 and 3 , and comprises a plurality of die holes 7 which are in 
registry with the upper die heads 2 and also with lower punch heads 4. In figure 2 said ring 
mold is shown in a lower position wherein it rests onto movable die plate 3 such that the 
punch heads 4 are slidably penetrating the die holes 7. The up and down movement of the 
ring mold plate 7 is actuated by cylinderer elements 8 fixed to an upper frame plate of the 
apparatus. The movable support 5 of the lower die plate is directly carried by to the drive 
shaft 9 of a hydraulic jack 10 , typically a cylinder unit with double action piston which is 
operatively linked with a hydraulic power system 1 1 by means of oil-pressure feed and return 
lines incl. suitable valves assmbled as a unit (16) close to the oil reservoir 1 7 of the hydraulic 
power system. Upon actuation of the hydraulic power unit drive shaft 9 of the cylinder piston 
will be selectively displaced in the vertical direction following a cycle of desired upward and 
downward movements, incl. temporary stops as prescribed and controlled by a PLC unit of 
the apparatus connected with operator panel 1 5. 

In figure 2 numerals 12 resp. 13 indicate the raw material storage container resp. the feeding 
slide for supplying starch material to the baking mould. The finished puffed snacks are 
discharged via a chute 14 into a product bin or a conveyor belt 14*. 
The hydraulic jack or drive cylinder 10 is fixed on a lower beam or plate of the apparatus 
frame, such that its cylinder axis is substantially in vertical alignement with the central axis of 
the moulding plates 1 and 3. 

On the front side of the apparatus a control and steering panel 15 is provided, by which the 
required production cycle settings are effected and adjusted. In addition heating of die plates 
1 ,3 is controlled and actual baking temperatures are monitored. 

* * 

The operational sequence with more in detail the actual die movements may be better 
understood with reference, to figure 1 . 

In stages 1 affd 2 the cracker discharge and the feeding of grainy material in the baking mold 
is illustrated. The sliding plate 13 loaded with raw material 15 enters in stage 1 the gap 
between fixed die element 2 and movable punch element 4, the latter being then in a 
(lowered) cracker push-out position where the punch top surface extends just above the 
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upper rim of the ring mold such that puffed craGker is pushed away (see stage 6) by slide 13. 
In stage 2 the punch is moved downwards so as to form, within ring die hole 7, a grain 
filling cup into which feeding slide 13 supplies a required amount of grainy material 30. 
In stage 3 both the lower die and the ring die are moved upwards and the grainy material is 
heated and compressed between the hot heads (2,4) of upper die and fower punch defining 
then a sealed die cavity together with the ring die. This baking position is maintained for a 
few seconds to gelatinize and render amorphous the starch-containing grain material, cereal 
mix or pellet material and the like. 

In stage 4 the ring mold is kept in its raised position sealed against upper die head 2, but the 
punch is quickly moved towards a lower position still confined within the ring, thereby 
defining a predetermined expansion volume. As a result of the sudden pressure drop the 
gelatinized and heat-softened material together with released gases (steam) will explosively 
expand.ih the downward direction so as to form a selfsustaining puffed cracker 30'. 
In stage 5 the ring mold is lowered towards to mold opening position wherein the cracker 
resting on the punch head can be discharged by the feeding slide as depicted in stage 6. 

Crucial to the desired cracker type and quality is the adjustment of the expansion volume 
and the realisable retraction velocity of the movable punch in stage 4. A full and free 
expansion will be obtained when the preset expansion volume is not lower than the max. 
expansion potential of the hot-compressed grain mass and the downward velocity of the 
retracted punch head is not substantially smaller than the velocity of the propagating material 
expansion front. A full but partially constrained expansion is obtained when the preset 
expansion volume is sufficient but the expanding material propagates much quicker than the 
descending speed of the punch, i.e. the expansion front constantly hits/pushes the moving 
punch descending at a slower pace. 

Machine settings corresponding with lower expansion volumes than needed for full potential 
(free) expansion volumes will give rise to puffed crackers of relatively greater density but 
featuring a greater bonding strength and a flatter outer surface. 

It is to be understood that carrying out the complete range of possible expansion rates or 
conditions, varying from from "full and free" expansion to the other extreme of "partial and/or 
constrained" expansion is not realisable with prior art puffing apparatuses. 

The apparatus and method of the present invention renders this goal feasible, in that for a 
plurality of desirably cracker qualities the apparatus settings in terms of expansion volume 
and required punch speed are sufficiently ample, flexible and simple to accomplish. The first 
one of said two parameters are readily adjustable by; selecting/presetting the end position of 
the retracted punch relative to the ring mold, optionally in combination with a selected 

&r\\c*rnc*r\ hoinht rlimaneinn nf tho mnx/sahlck rinn rlio afirl/nr in nsnmhfn^Hnn with ?m IIHOfir 

position adjustment of the ring die relative to the upper die head 2. The second expansion 
parameter is rendered, possible, and controllable by use of a direct connection and actuation 
drive between only one "downwardly" movable punch element pressed against a stationary 
upper mold, wherein punch retraction velocity is further adjustable by adapting the inner 
design of the cylinder/piston unit, in particular by adaptations w.r.t. relative oil quantities to be 
displaced and by throtling or anti-damping measures, incl. optimizing valve actuation and 
response velocity. 
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J^2° Vhl app ^!" atu f , con cept has the additional advantage of being sustained by gravity 

■mlSSiiTS^ u er m0,d e,ement and su PPOrt J "g carrier, which sustain downward 
movement of the punch. 

Moreover the apparatus has only one driven mold element in direct connection with a 
2J"2? P * Un > WhlCh remarkab| y simplifies machine operation and required settings 
SelK ™* ™ ap ™ «-• — e bufa S i the 

The settings and control measures in terms of selected hydraulic drive parameters include- 

fT enCG ** tlming lncL pislon stroke control with displacement dS and 
lp£^fJuT Ctl ° n *"i nStant reSponse of tne pu "cn to the selected process cycle 
Zr^n^ZTT t,mm9 and dlstan °es) may be further improved by an optimum oil flow 
arrangement (inflow resp. return flow) within the cylinder unit and to the hydraulic power 

^nfr; Pr f erably SUSta ' ned by a PP r °P ia ^ quick-action valve means disposed on the power 

f ?% P Tf T l C,0Se t0 the Cylinder or otherwise directly on the oyl inde? 

SmroT^uratr Sh ° rten reSP ° nSe ^ ° f the aPParatUS and ™ expanSon 

Figure 4 shows a cylinder/piston unit 10 suitable for directliy driving the lower mold 3 cf 
Sm r L .r St0r ! f ??, 9 ' IS dlr6Ctly ,inked with connection/support element 9 o the lowef die 
W^cZlum! P ° rt 21 ^ 22 a "° W C ° nneCti0n With preSSUre °» feed *~ f -mthe 
As can be seen from figure 4 the oil volumes V1 and V2 to be displaced in the uooer reso 
tower chamber of the cylinder are designed to be greatly different When The cylSer piston 
s brought «n the raised position (pressure-baking) the return expansion stroke ^^hereafter 

chamS ^ ° Utf, ° W ° f °"' WhiCh 18 enhanced by provldin 9 a ,ow votaSKi in the , Jpper 
actuafio; ttt (P ° Slti0n deteCtor ' ^-controlled in combination with valve 

actuation) retraction displacement of the piston will need only a small oil volume to be 
d.splaced thereby controlling piston relative velocity vs. expansion tpe^TvlSml 

, m» U i r n 5 j^ strates I ne P r °cess sequence (figure 1 ) in combination with use of the cylinder 
vail ar ™£lLuln Ltf* I^V'T* there iS schematized a suitable oil circS and 

shownf I SSTf? ( ? b) ^t 6 " the hydrau ' lc power s y stem <P um P P a "d reservoir R 
H-f ; V T*' ™ S enibodim ont allows free expansion at high speed but is 
also adjustable to gradually constrained conditions 

Is^lS^^S^f P ? sec > uen cc but in this case the direct hydraulic drive unit 
thB^ntf^JZ p,st c , ? / c y, ' nder unft: This a»ows a better control of the thickness of 
™!2ftS^ a ? l 5 r ' SmCe the Preset ex P anslon volume can be better maintained by giving 
^^^S^nS!!^ a fixed return position. This second embodiment thus has the 

a p -.se control of the 

bl£l£^^ cracker dime " si °n equilibration step (**) may be provided 
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In the above description and related drawings there have been described what is ^^ntly 
believed to be preferred embodiments of the invention. However, those stalled .n the art will 
realize that changes and component modifications may be made thereto such as for 
instance in the design of the mechanical components, the cylmder/p ^ton 
arrangements and the control means (PLC etc.), without departmg from the "novate bas,c 
concept of the invention. It is intended to cover all such apparatus mod.f.cat.c .ns and 
combinations that fall within the true scope of the invention as defined in the appended 
claims. 
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CLAIMS ^ 



1 . An apparatus for producing puffed crackers from a starch-containing raw material by 
pressure-bakirig and expanding said raw material in a heated mold comprising an upper 
mold element, a lower mold element and therebetween a peripheral mold element, 
characterized in that said mold elements comprise the combination of: 
a beatable stationary upper mold plate (1 ) comprising one or more downwardly directed 
upper die elements (2), said upper plate being detachably and adjustably fixed to an upper 
frame element of the apparatus frame; 

a heatable lower mold plate (3) comprising one or more upwardly directed die or punch 
elements (4) arranged in registry with said upper die elements, said lower mold plate being 
adapted to be moved upwardly and downwardly relative to said upper mold plate; 
an intermediate, optionally heatable mold plate (6) of predetermined height thickness 
disposed between said upper and lower mold plate and comprising one or more die holes (7) 
arranged in registry with said upper die elements (2) and lower punch elements (4), said 
intermediate plate being adapted to be moved upwardly and downwardly relative to said 
upper mold plate and said lower mold plate such that either one or both of said upper dies 
and lower punches are slidably received in said die holes so as to define mold cavities 
therein; 

first actuating means (8) for moving said intermediate mold plate (6); 
second actuating means for moving said lower mold plate comprised of a hydraulic cylinder- 
piston unit (1 0) mounted directly below said lower mold plate, said piston having a driven 
shaft (9') directly connected with a carrier unit (5,9) of said lower punch plate , whereby the 
driven shaft and carrier axis are disposed vertically in line; 

control and steering means acting on said first and said second actuating means capable of 
of moving, positioning and temporarily holding said intermediate mold plate and said lower 
mold plate in selected lifted, lowered or intermediate positions. 

2. An apparatus according to claim 1 , wherein the cylinder/piston unit (1 0) is adapted for hiqh 
speed retraction of the piston. 

3. An apparatus according to claims t or 2, wherein the cylinder/piston unit comprises the 
combination of two vertically aligned cyllinder/piston elements (10'). 

4. An apparatus according to claims 1 to 3, comprising means for adjusting and controlling 
an expansion volume for said pressure-baked product within said heatable mold. 

5. An apparatus according to claims 1 to 4, comprising means for adjusting the retraction 
velocity of said cylinder piston resp. said lower punch plate (4) relative to the expansion 
speed of said pressure-baked product. 



ABSTRACT 




The invention provides in an improved pressure-baking apparatus for producing puffed 
crackers from a starch-containing cereal or other food material, thereby allowing better 
control of expansion resp. product consistency for an enlarged range of crackers types, 
materials and shapes. 

Accordingly the apparatus has a baking mold comprises the combination of a fixed upper die 
plate (1 ,2), a lower punch plate (3,4) directly driven and supported by a cylinder/pistion unit 
(10), and therebetween a peripheral mold plate (6) comprising die holes (7) in registry with 
said upper dies (2) and lower punches (4), said peripheral plate being selectively movable in 
the vertical direction between said fixed upper die plate and driven lower punch plate. 
An hydraulic power system (1 1 ,17) integral with the apparatus is linked with drive unit (10). 
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